Objectives Pre-exposure prophylaxis (PrEP) with daily oral tenofovir/emtricitabine dramatically reduces HIV risk in men who have sex with men (MSM). However, uptake is slow worldwide. Methods We administered anonymous cross-sectional questionnaires to MSM presenting for anonymous HIV testing at a Toronto sexual health clinic at four successive time points during the period 2013-2016. We assessed trends in PrEP awareness, acceptability, and use over time using the Cochran-Armitage Trend Test, and identified barriers to using PrEP by constructing BPrEP cascadesû sing 2016 data. We assumed that to use PrEP, MSM must (a) be at risk for HIV, (b) be at objectively high risk (HIRI-MSM score ≥ 10), (c) perceive themselves to be at medium-to-high risk, (d) be aware of PrEP, (e) be willing to use PrEP, (f) have a family doctor, (g) be comfortable discussing sexual health with that doctor, and (h) have drug coverage/be willing to pay out of pocket. Results MSM participants were mostly white (54-59.5%), with median age 31 years (IQR = 26-38). PrEP awareness and use increased significantly over time (both p < 0.0001), reaching 91.3% and 5.0%, respectively, in the most recent wave. Willingness to use PrEP rose to 56.5%, but this increase did not reach statistical significance (p = 0.06). The full cascade, ABCDEFGH, suggested few could readily use PrEP under current conditions (11/400 = 2.8%). The largest barriers, in descending order, were low self-perceived HIV risk, unwillingness to use PrEP, and access to PrEP providers. Conclusion To maximize its potential public health benefits, PrEP scale-up strategies must address self-perceived HIV risk and increase access to PrEP providers.
Introduction
Men who have sex with men (MSM) continue to see stable or increasing rates of HIV incidence worldwide (Beyrer et al. 2012) . In 2014, 53% of all HIV infections in Canada occurred in MSM, and incidence was 131 times higher than among other men (Yang et al. 2016) , emphasizing the need for new HIV prevention technologies. Pre-exposure prophylaxis (PrEP) with oral, daily tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) was first shown to reduce HIV incidence through randomized placebo-controlled trials in 2010 (Okwundu 2012) . Since then, studies among MSM have suggested real world reductions in HIV incidence of up to 100% among PrEP users in the United States and England (McCormack et al. 2016; Volk et al. 2015) . As such, the Joint United Nations Programme on HIV/AIDS (UNAIDS) has identified PrEP as one of five pillars to achieve the goal of reducing incident HIV infections to less than 500,000 by 2020 (together with reproductive health services, evidence-and human rights-based prevention for key populations, condom programs and voluntary medical male circumcision) (UNAIDS 2016).
However, PrEP approval and uptake worldwide have been slower than expected. As of 2012, the only country which had formally approved PrEP was the US. Health authorities in France, South Africa, and Kenya followed in 2015, as did Canada in 2016 (Kirby and Thornber-Dunwell 2014; Cáceres et al. 2016) . To optimize both public health impact and cost-effectiveness, PrEP should be targeted to those with highest HIV risk (Okwundu 2012; UNAIDS 2016) .
Understanding the barriers and facilitators of PrEP use in at-risk communities is important to achieve this goal. Yet there are few published data regarding levels of PrEP awareness, use, and interest among high-risk populations in Canada Escudero et al. 2015 ; Lebouche et al. 2016) .
To inform local PrEP scale-up, we have previously quantified these parameters in a sample of MSM testing for HIV at clinic and community outreach sites in Toronto, Canada . In this paper, our primary objective was to identify trends in the proportions of respondents who were aware of PrEP, were willing to use PrEP, and have ever used PrEP, using cross-sectional surveys administered at four time points between 2013 and 2016. Our secondary objectives were to assess the structural and personal barriers to PrEP use, and the key reasons for interest/disinterest in using PrEP in the most recent survey iteration.
Methods

Participants and setting
We distributed anonymous cross-sectional questionnaires to MSM presenting to Hassle Free Clinic and its satellite locations for anonymous point-of-care HIV testing at four successive time periods: (1) April-June 2013, (2) May-August 2014, (3) November 2014-April 2015, and (4) May-August 2016. Adult MSM who understood English were eligible to complete the survey immediately after their point-of-care HIV test or within 2 weeks if they returned to the study site. All participants were offered a CAD$10 gift card.
Hassle Free Clinic is a busy sexual health clinic in downtown Toronto that conducts approximately 5400 point-of-care HIV tests among MSM every year. Of these, over half are performed at four community-based satellite clinics across the city. Demographic characteristics and HIV positivity rates are generally similar across sites. Collectively, Hassle Free Clinic has the highest positivity rate (1.7%) of all 38 anonymous HIV testing sites in Ontario [Ken English, personal communication, March 2016] .
Survey instrument
Questionnaire content varied slightly between waves 1 and 4, but included demographic characteristics, sexual practices, recreational drug use, and perceived HIV risk, as well as awareness of, willingness to use, and current use of HIV prevention technologies such as post-exposure prophylaxis (PEP) and PrEP.
We quantified HIV risk using the HIV Incidence Risk Index for MSM (HIRI-MSM), a seven-item scale that incorporates (1) age, (2) number of male partners, (3) number of HIV-positive partners, (4) frequency of condomless receptive anal sex, (5) frequency of condomless insertive anal sex with HIV-positive partners, (6) amyl nitrate use, and (7) amphetamine use in the past 6 months (Smith et al. 2012) . The scale generates scores ranging from 0 to 47, and a cutoff of ≥ 10 has been recommended for prioritizing men for intensive HIV prevention efforts such as PrEP. Because the sexual behaviour questions in survey wave 1 were worded slightly differently from the HIRI-MSM items, we imputed values for items 3-5 based on existing questions about the frequency of condom use, frequency of receptive anal sex, and frequency of insertive anal sex with HIV-positive partners. The same approach was used for item 3 in wave 2.
In the 2016 survey, we described PrEP as, Ba new strategy for HIV prevention. It involves an HIV-negative person taking a pill DAILY, on an ongoing basis (starting before an exposure and continuing after for as long as the person is at risk) to reduce their risk of HIV infection. This pill contains two anti-HIV drugs (tenofovir/emtricitabine or Truvada®) and research suggests that it is relatively safe and is over 90% effective if taken consistently. It is much less effective if not taken every day and it does not protect against other STIs. Taking PrEP would require a visit to the doctor every 3 months in order to be tested for HIV, STIs and side effects. Truvada® was recently approved to be used for PrEP in Canada.^This description was modified for each wave of survey administration, in keeping with the approval status and available data on PrEP efficacy at the time. Each version was pilot-tested with five participants for clarity and face validity.
Awareness of PrEP was defined as responding Byes^to the question, BBefore today, had you ever heard of PrEP?Ŵ illingness to use PrEP was defined as responding with either Bagree^or Bstrongly agree^on a five-point Likert-type scale to the statement, BI would be interested in taking PrEP to reduce my current risk of HIV infection^. Participants were also asked to indicate their reasons for being interested or not interested in PrEP, using a list of options derived from literature review and discussions with community members, including a free-text Bother^field.
Analysis
We summarized participant characteristics using descriptive statistics, with continuous variables summarized by measures of central tendency and dispersion and categorical variables by proportions. We used Kruskal-Wallis and chi-square tests to assess for differences in participant characteristics between survey waves. To achieve our primary objective, we calculated the proportion of respondents in each survey wave who had each outcome of interest (awareness of PrEP, willingness to use PrEP, and ever having used PrEP), and conducted CochranArmitage Trend tests to assess for linear increasing trends in these proportions.
To further assess for temporal trends in our primary outcomes, we combined data from all survey waves and constructed multivariable logistic regression models to examine predictors of PrEP awareness and of willingness to use PrEP, using wave of survey administration as a continuous primary predictor variable. The low number of PrEP users precluded conducting regression analyses on PrEP use. Only variables present in all survey waves were considered as candidates for the multivariable models. When potential predictor variables were correlated (Spearman correlation or chi-square p < 0.01), only one was considered for inclusion in the multivariable model, based on model fit (AIC). We constructed models using forward selection, where variables were added one at a time and retained if statistically significant at a threshold of alpha = 0.10 (Maldonado and Greenland 1993) .
Building on our previous work characterizing barriers to PrEP use in 2014-2015 , we used data from the 2016 survey administration to construct hypothetical BPrEP cascades,^and quantified gaps between steps. To use PrEP, we reasoned that MSM must (a) be at risk of HIV infection, (b) be objectively high risk, (c) perceive themselves to be at moderate-to-high risk, (d) be aware of PrEP, (e) be willing to use PrEP, (f) have a family doctor, (g) be comfortable discussing sexual health with that doctor, and (h) have drug coverage or be willing to pay the full cost of the medications (CAD$850 per month) out of pocket. We selected the steps in the cascade based on clinical reasoning. For instance, all participants were anonymously testing for HIV and were therefore considered part of population A. Objective high risk was defined as a HIRI-MSM score ≥ 10. Perceived elevated risk was defined as indicating Bmedium or high risk^to the question, BWhat do you think your risk of getting HIV in the next year is?Ŵ e assessed four hypothetical cascades (ABCDEFGH, ABDEFGH, ABCDEH, ABDEH) and analyzed them visually for gaps. We repeated this process using a higher HIRI-MSM score of ≥ 25 for defining high risk, as suggested by our prior work and by cost-effectiveness analyses MacFadden et al. 2016 ).
Finally, we tabulated self-identified barriers to using PrEP, and reasons for PrEP interest or non-interest in three key categories of respondents: high-risk individuals willing to use PrEP, high-risk individuals not willing to use PrEP, and lowrisk individuals willing to use PrEP.
Sample size
The target sample size for each wave was 400 responses, based on the number of respondents needed to estimate the primary outcome of interest (proportion with high perceived HIV risk and willing to use PrEP) with reasonable precision, as previously described ).
Ethics approval
Prior to initiation, Research Ethics Boards of the University of Toronto, Ryerson University, and St. Michael's Hospital approved the study. All potential participants were given a letter of information about the study to be read before beginning the survey, and survey completion constituted implied consent. All participants received counseling about HIV/STI testing, treatment, and risk reduction in the context of their clinical care.
Results
Participant characteristics were generally similar for each of the four survey administrations (Table 1) . Median (interquartile range, IQR) age was 31.0 (26, 38) years and most participants were white (54.0-59.5%), employed full time (67.8-72.0%), and college or university-educated (85.9-88.4%). Although some differences were observed between survey waves in the frequency of crack cocaine use, prior chlamydia and genital wart diagnoses, HIRI-MSM score, number of sexual partners, number of HIV-positive partners, perceived levels of HIV risk, and concern about HIV risk, most differences were modest.
Awareness of PrEP increased significantly over the four time periods from 26.7% (95% CI = 22.5-31.2%) to 58.3% (95% CI = 53.3-63.3%) to 71.8% (95% CI = 67.2-76.1%) to 91.3% (95% CI = 88.0-93.8%) (p < 0.0001, Fig. 1 ). Willingness to use PrEP may have increased slightly, from 51.0% (95% CI = 46.0-55.9%) to 51.6% (95% CI = 46.4-56.6%) to 52.5% (95% CI = 47.5-57.4%) to 56.5% (95% CI = 51.5-61.4%), but did not reach statistical significance (p = 0.06, Fig. 1 ). The frequency of ever having used PrEP was low but increased across all waves, at 0.5% (95% CI = 0.1-1.7%), 1.3% (95% CI = 0.4-3.0%), 1.4% (95% CI = 0.5-3.2%), and 5.0% (95% CI = 3.1-7.6%), respectively (p < 0.0001, Fig. 1 ). In the 2016 survey, current PrEP use was 3.0% (95% CI = 1.6-5.2%).
Variables associated with awareness of PrEP in multivariable logistic regression analyses are shown in Table 2 . When attempting to build a multivariable model, survey wave was the only variable associated with PrEP awareness (OR = 2.83 per successive wave, 95% CI = 2.52-3.17). Other variables associated with PrEP awareness in univariable analyses were awareness of PEP (OR = 15.29, ) and prior use of PEP (OR = 4.47, 95%CI = 2.66-7.53). In contrast, being concerned about HIV risk was associated with lower odds of PrEP awareness (OR = 0.71, 95% CI = 0.57-0.87).
Variables associated with willingness to use PrEP in logistic regression analyses are shown in Table 2 . Time was not a significant predictor in either univariable (OR = 1.07, 95% CI = 0.98-1.17) or multivariable models, with aOR = 1.04 (95% CI = 0.95-1.14). Consistent with our findings from wave 3 , the only variables associated with willingness to use PrEP in adjusted analyses were moderateto-high perceived HIV risk (aOR = 2.44, 95% CI = 1.82-3.27) and HIRI-MSM score (aOR = 1.61 per 10-point increase, 95% CI = 1.40-1.86); prior use of PEP had an aOR = 1.50 (95% CI = 0.998-2.250).
The full cascade (ABCDEFGH) suggested that only 2.8% (11/400) participants had no individual or system barriers to using PrEP, similar to our previous findings (Fig. 2, cascade 1 ) ). The greatest barrier was inaccurate perception of HIV risk, as only 37 participants overall and 11.0% of those at elevated HIV risk (29/264) perceived their risk to be moderate-to-high. Removing moderate-to-high perceived risk from the cascade (ABDEFGH) improved hypothetical PrEP use to 15.3% (61/400) (Fig. 2, cascade 2) . Willingness to use PrEP was the second largest barrier (56.5%, 226/400), followed by having a family doctor with whom respondents were comfortable discussing sexual health (53.8%, 214/400). To explore the potential impact of increasing the availability of PrEP providers, we removed the two steps relating to having a family doctor (ABCDEH) and found that the number of individuals who could use PrEP was still low at 4.0% (16/ 400). Jointly removing the self-perceived risk and PrEP provider steps (ABDEH) improved hypothetical PrEP use more substantially to 28.8% (115/400) (Fig. 2, cascade 4) . A sensitivity analysis using a higher HIRI-MSM score of ≥ 25 to define high HIV risk resulted in a smaller proportion of participants who could use PrEP for each cascade (Fig. 2) .
Since MSM at high objective HIV risk (HIRI-MSM ≥ 10) who indicate willingness to use PrEP represent an important group that should be prioritized for PrEP initiation, we tabulated perceived barriers to PrEP initiation in this group. While the most common barriers were related to financial access, including not having private drug insurance (33.1%, 95% CI = 25.8-41.1%) or believing that PrEP was not covered by one's private insurance (34.4%, 95% CI = 27.0-42.4%), other common concerns included simply not having looked into getting PrEP yet (24.2%, 95% CI = 17.7-31.7%), not having a doctor (15.9%, 95% CI = 10.6-22.6%), and not feeling comfortable asking doctors for PrEP (14.0%, 95% CI = 9.0- 20.4%), suggesting that efforts to increase the availability of trained PrEP providers and more actively facilitate linkages with PrEP services could increase uptake. Those with high objective HIV risk who were unwilling to use PrEP are another group whose perspectives are important to understand (Table 3) . Common reasons for their not being interested included being concerned about side effects (68.4%, 95% CI = 51.3-82.5%), believing they were not high risk enough (60.5%, 95% CI = 43.4-76.0%), the lack of 100% effectiveness (18.4%, 95% CI = 7.7-34.3%), and not trusting the science (7.9%, 95% CI = 1.7-21.4%). These findings suggest that interventions aimed at improving risk selfassessment and providing trustworthy information about PrEP's proven safety and efficacy could be helpful.
Finally, we examined reasons for PrEP interest among those not at high objective HIV risk who nevertheless were willing to use PrEP (Table 3) . Overall, this group had similar reasons compared to the Bhigh risk, willing to use^group, but was numerically more likely to cite decreased anxiety about getting HIV (69.8 vs. 81.5%, p = 0.09) and less likely to cite interest in condomless sex as reasons (45.6 vs.16.7%, p = 0.0001 and 39.6 vs. 20.4%, p = 0.001).
Discussion
In this series of four surveys among Toronto MSM undergoing anonymous HIV testing during the period 2013-2016, we observed a significant increase in PrEP awareness over time, reaching 91.3% in 2016. Although PEP awareness, PEP use and higher objective HIV risk were predictors of PrEP awareness in univariable analyses, time remained the strongest independent predictor when building the multivariable model. This association with time did not, however, correspond to a significant increase in willingness to use PrEP over time, which was 56.5% in 2016. In addition, PrEP uptake was low, with only 5.0% in the most recent survey reporting ever using PrEP. The high degree of PrEP awareness in our 2016 sample is striking, and given the lack of concerted public health messaging about PrEP in Canada, is testament to the capacity of communities and healthcare providers to raise awareness about important health interventions at a population level. Conduct of Canada's first PrEP demonstration project in the city from 2014 to 2016 ), Health Canada approval of PrEP in February 2016 and information campaigns launched by local organizations may also have contributed to this increase. Our finding of 56.5% willingness to use PrEP is similar to that of a recent systematic review, which found overall PrEP acceptability to be 57.8% (95% CI = 52.4-63.1%) among MSM in 68 studies worldwide (Peng et al. 2017) . Together with younger age, higher educational Fig. 2 Proportion engaged in the PrEP cascade and potentially able to benefit from PrEP attainment, and wealth, that review also observed that prior awareness of PrEP was associated with higher acceptance (aOR = 1.33, 95% CI = 1.33-3.30) (Peng et al. 2017) . Surprisingly, being concerned about HIV risk was negatively associated with PrEP awareness in our study, suggesting that greater efforts are needed to reach potentially interested individuals.
That willingness to use PrEP was stable despite rising PrEP awareness in this sample is similar to findings on MSM from Australia (Holt et al. 2017 ) and the USA (Grov et al. 2016) , and could have several potential explanations. Awareness could be rising based on negative or inaccurate information about PrEP, which would suggest a greater need for public health authorities to provide an accurate and trusted voice. Alternatively, there may simply be a saturation point for willingness to use PrEP, which may be reassuring to those fearing that the resources required to meet demand for PrEP may be limitless. From a public health perspective, however, the key consideration is how well PrEP awareness and willingness correspond to HIV risk. In this regard, it is reassuring that selfperceived HIV risk and higher objective HIV risk were independent predictors of willingness to use PrEP in our sample. Yet many of our respondents at elevated risk of HIV infection were unwilling to use it. Further, many respondents who were at high risk and willing to use PrEP were simply unable to access it. We further explored these challenges to PrEP implementation in two ways.
First, analogous to the concept of the HIV treatment cascade, previous studies have suggested actual or hypothetical PrEP cascades to identify the individual-and system-level factors that impede PrEP use Kelley et al. 2015) . In our full cascade, the greatest barrier to using PrEP was low self-perceived HIV risk. Indeed, of those who were high risk and not willing to use PrEP in our study, over half believed they were not high risk enough. This complex relationship between actual and perceived risk has been observed elsewhere Moore et al. 2012) . For instance, a study among HIV-negative Toronto MSM found that perceived risk increased when condom use with HIV-positive partners decreased, but found no association between risk perception and condom use in regular unknown HIV status partners (Kesler et al. 2016) . Effective interventions to help at-risk individuals better understand and act on their HIV risk are available, and require broader uptake (reviewed in (HIV/ AIDS 2017)). For example, in the THINK TWICE intervention, participants develop risk-reduction plans by working with a counselor to shape accurate beliefs and perceived risk through graphic novels and creating visual sexual network diagrams (HIV/AIDS 2017; Eaton et al. 2011) . A combined biomedical/behavioural approach may have a greater impact on the epidemic by increasing awareness of risk as well as uptake of available HIV prevention interventions by those most at risk (Sullivan et al. 2012) .
Second, we asked respondents to identify their own barriers to PrEP use, and found that apprehensions about side effects and about the imperfect efficacy of PrEP were the predominant concerns. These factors likely underlie our finding that lack of willingness to use PrEP was the second most common barrier in our cascade analyses. To address these barriers, public health authorities and other stakeholders should publicize the well-established safety and efficacy of PrEP (Fonner et al. 2016) and emphasize that true Bbreakthrough infections^are extremely rare when PrEP adherence is high .
Finally, our cascades and questions about reasons for wanting/not wanting PrEP showed that the next most important barriers were access to PrEP providers and drug affordability. Over half of respondents lacked a family doctor with whom they felt comfortable discussing sexual health, emphasizing that public health bodies must train more providers to deliver PrEP in a non-stigmatizing way. Involving a broader range of healthcare professionals in PrEP delivery, including nurses, nurse practitioners and pharmacists, may also improve provider capacity (Cáceres et al. 2016; Sharma et al. 2017; Sawkin and Shah 2016) . Further, given that high cost is a known impediment to PrEP use that may amplify health inequities (Kelley et al. 2015; Doblecki-Lewis et al. 2017) , structural interventions and political action may be needed to prioritize access for those who are at greatest HIV risk (Cáceres et al. 2016) . Our study has limitations that warrant consideration. First, we recruited MSM seeking anonymous HIV testing at a facility with a high HIV diagnosis rate, and our sample was largely employed and well-educated. While these factors may limit the generalizability of our findings to all at-risk MSM, our sample is representative of the population served by our recruitment site, an important site for PrEP referrals and assessments in Toronto. Second, there were minor changes in the wording of some questions and in the description of PrEP between survey waves. While these differences may have impacted responses (e.g., mentioning Health Canada approval in the 2016 wave could have increased willingness to use PrEP), these changes reflect the changing contexts in which respondents formulated their opinions about PrEP, and were necessary to ensure that information provided to participants about PrEP was up-to-date. Wording changes also necessitated imputation of some values when calculating HIRI-MSM scores for survey waves 1 and 2; such changes may have contributed to the small observed differences in participant characteristics between waves but would not have affected our primary or secondary outcomes. Third, HIRI-MSM has limited sensitivity for identifying HIV seroconverters in some contexts, and thus may have underestimated the proportion of those who should use PrEP (Lancki et al. 2018 ). Further, it is possible that repeated administration of the survey may have itself contributed to increases in PrEP awareness in the study population. Finally, our analysis assumed that each completed survey over the four waves corresponded to a unique individual, although this could not be confirmed because surveys were completed anonymously.
Conclusion
Our study identified increasing awareness and consistent, moderate willingness to use PrEP among at-risk Toronto MSM. To maximize the potential public health benefit or PrEP, next steps should include developing strategies for helping men better understand their HIV risk, publicizing the excellent safety and efficacy of PrEP, training providers for PrEP delivery, and identifying funding strategies to facilitate PrEP use.
